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NEUROTRANSMITTER TRANSPORTER 

This invention relates to newly identified 
polynucleotides, polypeptides encoded .by such 
polynucleotides, the use of such polynucleotides and 
polypeptides, as well as the production of such 
polynucleotides and polypeptides. More particularly, the 
polypeptide of the present invention is a neurotransmitter 
transporter and the polypeptide of the present invention xs 
herein sometime referred to as "NTT" . The invention also 
relates to inhibiting the action of such polypeptides. 

v^An essential property of synaptic transmission xs the 
rapid termination of action following neurotransmitter 
release For many neurotransmitters, including 

catecholamines, serotonin, and certain amino acids (e.g., 7- 
aminobutyric acid (GABA) , glutamate, and glycine), rapxd 
termination of synaptic action is achieved by the uptake of 
the transmitter into the presynaptic terminal and surroundxng 
glial cells by neurotransmitter transporters (Bennett, et 
al Life Sci. 15:1045-1056 (1974)). Inhibition or 

stimulation of neurotransmitter uptake provides a means for 
modulating the strength of the synaptic action by regulatxng 
the available levels of endogenous transmxtters . 
Neurotransmitter transporters are membrane -bound polypeptides 
which uptake neurotransmitters into the pre-synaptic neuron 



after the neurotransmitters have crossed the synaptic cleft 
and acted upon the post -synaptic neuron. Neurotransmitters 
can be excitatory, such as glutamate, or inhibitory such as 
GAB A. 

Affinity neurotransmitter transport is thought to 
terminate the overall process of synaptic transmission 
(Iversen, L.L., Br. J. Pharmacol. 41:571-591 (1971)). 
Recently, cDNAs encoding more than ten different 
neurotransmitter transporters have been cloned and sequenced.. 
The family of these genes could be divided into three 
subfamilies, including the GABA and taurine transporters 
(Liu, Q.R-, et al., Proc. Natl. Acad. Sci. USA (in press), 
(1992)), the. amino acid (glycine and proline) transporters 
(Fremeau, Jr., R.T. , et al . , Neuron, 8:915-926 (1992)), and 
the catecholamine transporters (Pacholczyk, T\ , et al . , 
Nature, 350:350-354 (1991)). The general structure of all 
these gene products is very similar. They contain twelve 
potential transmembrane helices and an extended external loop 
with 3-4 glycosylation sites between membrane segments 3 and 
4. The calculated molecular weights of the transporters is 
about 70 kDa and both their C- and N-terminal peripheral 
peptides contain about 4 0 amino acids and may be located on 
the cytoplasmic side of the membrane. In GABA and 
catecholamine transporter subfamilies. the amino acid 
sequence of each member is 60-80% identical to the other 
members within a subfamily and about 40% identical to members 
between the two subfamilies (Liu, Q.R., et al . , Proc. Natl. 
Acad. Sci. USA, 89:6639-6643 (1992)). Amino acid - 

transporters, such as the glycine transporter and proline 
transporter, share about 40-45% homology with all members of 
the neurotransmitter transporter superfamily. Sequence 
homology among the members of the neurotransmitter 
transporter family give clear indication that they evolved 
from a common ancestral gene. Moreover, partial genomic 
cloning of several neurotransmitter transporters reveal that 



in all of them the first intron in the reading frame is 
located in an identical position (id_J - 

A GABA A transporter was the first neurotransmitter system 
to be cloned and expressed (Guastella. J., et al . , Science 
249:1303-1306 (1990)) and is one of a family of 
neurotransmitter transporters cloned within the last year. 
Recently, a serotonin transporter cDNA has been disclosed in 
PCT WO 93/08261. 

in accordance with one aspect of the present invention, 
there is provided a novel mature polypeptide which is herein 
referred to as NTT, as well as fragments, analogs and 
derivatives thereof. The polypeptide of the present 
invention is of human origin. 

in accordance with another aspect of the present 
invention, there are provided polynucleotides (DNA or RNA) 
which encode such polypeptides. 

in accordance with yet a further aspect of the present 
invention, there is provided a process for producing such 
polypeptide by recombinant techniques. 

in accordance with yet a further aspect of the present 
invention, there are provided agonists which increase the 
affinity of NTT for its substrate, and which may be used to 
treat Amyotrophic Lateral Sclerosis, pain and stroke. 

in accordance with a further aspect of the present 
invention, there are provided antibodies against such NTT 
polypeptides . 

in accordance with yet another aspect of the present 
invention, there are provided antagonist/inhibitors which may 
be used to prevent the uptake of neurotransmitters by NTT, 
which may be used therapeutically, for example, in the 
treatment of depression, anxiety and epilepsy, as well as 
other neurologic or psychiatric disorders. 

These and other aspects of the present invention should 
be apparent to those skilled in the art from the teachings 
herein. . 
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The following drawings are illustrative of embodiments 
of the invention and are not meant to limit the scope of the 
invention as encompassed by the claims. 

Figure 1 shows the cDNA sequence and corresponding 
deduced alo acid sequence of the mature NTT polypeptide. , 
The standardVone-letter abbreviation for amino acids is used. 

in accordance with an aspect of the present invention, 
there is provided an isolated nucleic acid (polynucleotide) 
which encodes for the mature polypeptide having the deduced 
amino acid sequence of Figure 1 or for the mature ^pt^ 
encoded by the cDNA of the clone deposited as ATCC Deposit 
No 75713 on March Vs, 1994. 

The polynucleotide of this invention was discovered m 
a cDNA library derivW from a human fetal brain, 
structurally related \o the neurotransmitter transporter , 
family It contains an U reading frame encoding a protein ,, 
of about 727 amino acidlesidues . The protein exhibits the 
highest degree of homoWy to a rat neurotransmitter, 
transporter <NT74> with 94%Ydentity and 96% similarity over 
the entire amino acid sequence. 

The polynucleotide of tke present invention may be xn 
the form of RNA or in the form of DNA, which DNA includes 
cDNA, genomic DNA, and syntheticW The DNA may be double- 
stranded or single-stranded, an\if single stranded may be 
the coding strand or non-coding \anti-sense, strand. The 
coding sequence which encodes the W polypeptide may be _ 
identical to the coding sequence shown in Figure 1 or that of 
the deposited clone or may be a different coding sequence 
which coding sequence, as a result \f "^^^ 
degeneracy of the genetic code, encodes the same, mature 
polypeptide as the DNA o£ Figure 1 or the\deposxted cDNA. 

The polynucleotide which encodes V the mature 
polypeptide of Figure 1 or for the mature polypeptide encoded 
by Ze deposited cDNA may include: only the c\ding sequence 
for the mature polypeptide,- the coding sequence for the 
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mature polypeptide\and additional coding sequence such as a 
leader or secretory\ sequence or a proprotein sequence; the 
coding sequence for \ the mature polypeptide (and optionally 
additional coding, sequence) and non-coding sequence, such as 
introns or non-codind sequence 5' and/or 3' of the coding 
sequence for the maturfe polypeptide. 

Thus, the term "polynucleotide encoding a polypeptide" 
encompasses a polynucleotide which includes only coding 
sequence for the polypeptide as well as a polynucleotide 
which includes additional Voding and/or non-coding sequence. 

The present invention Vurther relates to variants of the 
hereinabove described polynucleotides which encode for 
fragments, analogs and derivatives of the polypeptide having 
the deduced amino acid seWence of Figure 1 or the 
polypeptide encoded by the cDNA of the deposited .clone . The 
variant of the polynucleotide Vay be a naturally occurring 
allelic variant of the polynucleotide or a non-naturally 
occurring variant of the polynucleotide. 

Thus, the present invention includes polynucleotides 
encoding the same mature polypeptide as shown in Figure l or 
the same mature polypeptide encdded by the cDNA of the 
deposited clone as well as variants\ of such polynucleotides 
which variants encode for a fragment \ derivative or analog of 
the polypeptide of Figure 1 or the polypeptide encoded by the 
cDNA of the deposited clone . Such nucleotide variants 
include deletion variants, substitution; variants and addition 
or insertion variants . 

As hereinabove indicated, the polynucleotide may have a 
coding sequence which is a naturally\ occurring allelic 
variant of the coding sequence shown in Figure 1 or of the 
coding sequence of the deposited clone. AsV known in the art, 
an allelic variant is an alternate form of \a polynucleotide 
sequence which may have a substitution, deletion or addition 
of one or more nucleotides, which does noA substantially 
alter the function of the encoded polypeptide.^ 



The polynucleotides of the present invention may also 
have the coding sequence fused in frame to a marKer sequence 
which allows for purification of the polypeptide of the 
present invention. The marker sequence may be a hexa 
histidine tag supplied by a pQE-9 vector to provide for 
p" "cation of the mature polypeptide fused to the ^ marker r 
the case of a bacterial host, or, for example, the marker 
sequence may be a hemagglutinin (HA) tag when a mam^an 
host e g. COS-7 cells; is used. The HA tag corresponds to 
an epitope derived from the influenza hemagglutinin protern 
(Wilson. !.. et al . , Cell, 37:767 (1984,,. 

The \present invention further relates to 

sequences if \ there prese nt invention 

\ -identity between the sequences. The prese . 

/ P arti uLrly rettes to polynucleotides which hybridrze under 
stringent conitions to the hereinabove-descrrbed 
stringent. term "stringent 

polynucleotides \ As herein used, the term g 

conditions" means nvb" dizaCi0n M1 ^ * r l B 

at liast 95% and prelra^ at le3SC 97% T Tl 

ZL The pentnucleotides which hybridrze to the 

sequences. ine pu A tj . „ ryref erred 

hereinabove described polynucleotides xn a preferre 

convenience to those of skrll rn the art 

admission that a deposit is required under " ^ S - C . S 

- s T nc :eriiis th :sC n rr":r; - 

^^T^ are incorporated herein by 



. n „ t-he event of any conflict 
re£ erence and are controlling ,n * ^ 

■° ■t. , rr.« ....... »^ 

■I which has the deduced amino acid sequence of 
polypeptide^ -a t ^ by 

£, FrgurelorWh ^ fragments , analogs and 

^ deposited ciwa, 

(^7 derivatives of^ch polypeptide n ^ 

^ \^hXXeptide cT.igure x or that encoded by - 

— 6 ^ ^Sr^ra-pro/rotein Ihich can 
- re^tt^Id b^eaX of the proprotein portion to produce 

J an active .nature P^V^ invention ^ b e a 

» .-^ nreferably a recombinant polypeptide. 

;= ^derivative or analog of the -o»»~£ 

The ^ enC oded by the deposited cDNA may be U> 
° £ F T r lLh V or more of the amino acid residues are 
one xn which to. fl or non . c onserved amino add 

SUbS d u :":ref eriy . X- amino acid residue, and such 
residue (prererd^y encoded 

^tuted ^ij^:ri;:^i ot 

by the genetic code\ or Ux> one or 
amino acid residues Vncludes a ^^J% ^ anoCher 

compound, such as a compuui , {iv) one 

,^r- pvamnleX polyethylene glycol), or v 
polypeptide (for examples p y i the .mature 

in which the additional k — f g ^ sequence or a 

polypeptide, such as a leader ° Qf the ^ 

sequence which is employed W £ragments , 
polypeptide or a proproteinWence . 
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,y analoas ar e deemed to be within the scope of 
derivatives and\analogs axe ^ 

derl ^ . V ^ 3rt from the teachings herein. 

^polynucleotides o ( ^P- 
inventl^preferably P-ided in an isolated form. - 

^ en.— ,,. r: z — — 

if it is naturally occurring) For examf . 

.ccurr.ng polynucleotide or po lypept - P or 

animal is not isolated, but the coe xisting 

P01ypeP ti de , s - e c : r s »** 
- ^ ot \rr pr^r: 

The present invention also relates t 
inc lude polynucleotides of the ^^2^ of the 
which are genetically engine ^ . ^ ^ invention 

invention and the production of polypeptides 

transformed or transacted, th Qr an 

invention which may be. for example, a clem 9^ ^ 
egression vector. * ^ • — P _ The 

£ °™ ° £ ^ P h 1 :r d cei a is V1 c r :n ^ enured ' in 

engineered host ceiib „„™ ri ate for activating 

rerr-l^elond.tions, such as ratur. f £ 

the li*e. are those previously to the 

selected for expression, and will be PP 

ordinarily skilled artisan invenC ion may be 

The polynucleotides of reco mbinant 

employed for- producing polypeptides by 



«... ««rr'-;;"™-;»— 
=:= .ri,^*. - r: - 

replicable and viable In the host. inserted inCO the 

The appropriate DNA sequence may he inserted 
* variety of procedures. In general , 
vector by a varxety P ^ appropr iate restriction 

sequence x. proce dures Known in the art. Such 

s^r- ^ « - - within ti>e scope o£ 

those skilled in the art is operat ively 

to an app P sis . As representative 

(promoter) to direc : «*H V- mentio „ed: LTE or 

examples of ■ ^ ^_ the phage laItt) da P. 

SV40 o :ranr;th P^s^own to control egression of 
promoter ana ocnex y their viruses . 

ge nes in prokaryotic or ° "'J^ binding site 

Th e expression vector also «»"»^ J cerm inator. 

r e ^r^ — ~ 

^"xraadlfirn""^' expression vectors preferably contain. 

one ^^re s^table ^ 9 enes ^^^Z^ 

fnr selection of transformed host cells 
trait for selection for eukaryotic 

reSiS re Ce vec n to^ainin 9 the appropriate OK, sequence as 
hereinabove described, as well as an appropriate promoter or 



control sequence, may be employed to transform an appropriate 

hnst co permit the host to express the protein. 

h ° St Z 'representative examples of appropriate hosts, there 

Lch as CHO. HBK 29 3, COS or B-s «; P ^cell. 

teaCh re Par^ularly, the present invention also inches 
recombinant constructs comprise one 

"^r. -cr^-rrSsrr viral vector, into 
comprise vec , inventi on has been inserted, in a 

which a sequence of the mven a cc o£ this 

£ orward or reverse ^^^J^Z^sJ regulatory 
emb odiment, - ^ ^ . promote , operably 

rr e r:o thrrquenie. ^ n T: ~ - r::: 

and promoters are = ^ ^ j^o^s are pro vided 
3, pKK233-3, P DR540. pRITS (Pharmacia) M-ryot ^ P 

— h ^ w r. ~ - 

rJnrS "e replicable and viable in the 



host . 



PKK2 32-e and PO^ Parti- ^ ^ ^ 

include lad, lacZ, «■ J 7 ^ 9 ^ inmediate early , HSV. 
Eukaryotic promoters include « 



-10- 



...» »v";r u r v:z i^-. 



skill in the art. preS ent invention relates 

m 3 further embodiment , tne 

host eell can be a J oCic cell , such as a yeast 

^lian ceH or a o« Qtic cell . such as a 

C611 ' calf mtrcLtion of the construct into the host 

bacterial ^ £or examp i e , calcium phosphate 

cell can be ""^J^ mediaCed tr ansf ection. or 
transfectron, DEAE Dextra ^ Baslc 

electroporation. (Davis, L., Dibner, n 

Methods in Molecular Blologj ^ «» 86 > 1 " _ be used in a 
The constructs xn host eel by 
conventional manner to ^J^J™ L polypeptides of 

-tr c^tn=y » — 

peptide synthesizers. ssed in mammalian cells, 

Mature proteins can be exp ^ q( 

y east, bacteria o, c. ^ gystems can 

appropriate promoters. Cell ^ derived 

also be employed to produce such protei invenCion . 
£rom the DNA constructs of t P ^ 
Appropriate cloning and express^ etc » 
profcaryotic and euxaryotic hosts Second 

et ai ., Molecular Cloning: A ^abora ry ^ q£ 

Edition, Cold Spring Harbor, N.Y.. U98») . 

wh ich is ^.^^^.TJ^r^ PoiVPeP^s of 

Transcription of tne ujn* increased by 

che present invention by higher J-ry "s - 
inserting an enhancer seance ~£ (rom 10 to 300 

are cis-acting elements of DNA, usually 

b p that act on a promoter to gide of che 

Examples including the SV40 enhancer on the 
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w 

^ ,„n i-n 270 a cytomegalovirus early 

* -est slt = = - — 

IKiSt t^^ highly-expressed 3 ene to direct 
, pro™ oter derive stru ctural sec^ence. Such 

transcription of a do glycQlytlc 
promoters can be derive v , nase (PGK) , a-f actor, 

Ly.es such as »«^r^^««*--- 
acid phosphatase, or heat shock p appropriate 
heterologous -^«»\ -^"^r^tioa sequences, 
phase with translation mtuti- and tern direc ting 
and preferably, a leader s ^ ^ZTr^c space or 
sec retion of translated P-«" ^"^^ogous sequence 

can encode a fusion p desired characteristics, 

rr f sr-sr - 

-—1 P rr S sion vectors - .ac te.al use ^ 

constructed by ^^J^^ Z«£ 
a oesired protein C ^"J S in operable reading phase 
initiation and termination sign ^ P ^ ^ Qr 

with a functional promoter ™*J ect ^ origin o£ 

more phenotypic selectable markers a ^ , f 

replication to ensure maintenance * suitable 
.esirable. provide include 
pro,aryotic hosts J^^mzim various species 

Ea£iilli ^^; n ^f a ^otn^ Streptomyces. and 
within the genera employed as a 

Staphylococcus, although others may also 



matter of choice. 
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As a representative but nominating example, useful 
e^ion vLtors for bacter^ use c 

from ^r~£y clonic vector pBR3 22 (ATCC 

elements of the wexx , for example, 

, 701 „. Such commercial «c»«^ «^ ^ QEm 

pKK22 3-3 («-™» i »' i " Q ^ 1 ^:; UP T P h e S epB,3 22 "backbone" 

11= rsr^vsu--. — - - 

growth of the host strain to an means (e . g .. 

;;-rlr= ^^^iXtL, an, cells are 
cultured for an additional P«*^ ce ntrif ugation, 

any convenient method. -™ of cell lysing 

sonication. mechanical disruption, or u o 
agents, such methods are well know to those 

art ■ , ■ ™i i culture systems can also be 

various mammalian cell culture y ExamDles o£ 

„rt to express recombinant protein. Examples 

employed to express .„„,„,,„ the COS-7 lines of 

mammalian expression systems include the^ 

monkey kidney fibroblasts, "^'^ 3ing a . 

, 1981) , and other cell lines capable cho, HEK 2 93, 

compatible vector, for example, the , 3T3 ^ 

HeLa and BHK cell lines. Mammalian cer ^ 

comprise an origin of sites , 

enhancer, and also any n ^ acceptQr sites , 

polyadenylation site, splice flanking 

transcriptional der ived . from the 

nontranscribed sequences. sequ 
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SV4 0 splice, and polyadenitis sites -nay be used to provide 
t he retired -transc,i b ed g enet^c e =ts . ^ 
Thp NTT nolypeptides can be recovers 
J*na!T celf cultures by methods including a— 
recombinant ceii <- ar ^d extraction, anion or . 

su ifate or ethanol preciprtatxon , acrd 

cation exchange ^-^""^^on cJon.tography, 
chromatography, hydrophobic ^~£° cllrolliacography and 
affinity chromatography hydroxylapa txte chro g p 
le ctin chromatography. Protein re ^ 

-rcaJrU'loyed for ^^T-. • 
The polypeptides of the q£ chemical 

naturally purified P«*«^» recombinant, techniques 

Polypeptides of the invention may also include 

identifying neurotransmitters ^^"-^ Tr 
polypeptides of the P~»' J^~. transloc ated from 
oetermining whether a ^««»~" ' neuron by »it 

th e synaptic ■ 
comprises transfec -g^cel P P ^ ^ ^ _ 
vector expressing tne nii radio- labelled, 

identify which neurotransmitters are transpor 



e.g 
ide: 
cell. 



Once a neurotransmitter is ^"^^T^ 
screened to identify those which specifically 
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^ and either increase NTT's affinity to uptake its 
. „ „ an aqonist, or decrease its ability 

neurotransmitter, e.g.. an agonist, 

Z uctake a neurotransmitter, e.g.. an antagonist/inhibitor, 
^method comprises transforming host cells with a vector 
If" thT present invention such that the NTT polypeptide is 
of the prese incuba ting the host cells with the 

:rri:— te; - « r ^ — r r 

STJ^ » ^ the^otential compound a. 

fining whether translocation of the neur otransmi te 
into the cell is either inhibited or -r-sed- «y me sur^g 
the amount of neurotransmitter inside the cell, 
in the art could determine if the compound is an 

a90nl r r "cr- of excitatory or .inhibitory 

inrot^Ic lateral Sclerosis or ^ -J^^ 
* stroke excessive concentrations of glutamate are 

is believed that pain is characters y 
neurotransmitters into cle in J* 

Accordingly, an agonist of NTT may be ^ ms , y 
the uptake of neurotransmitters and therefore allevi 
above-mentioned conditions inve ntion may be 

The NTT polypeptides of the present 

* bv expression of such polypeptides in vivo, 
administered by expression therap y " Gene therapy 

gene therapy P Y cellular machinery of the host 

administered such that the ceix , facilitate 

expresses the NTT of the present invention to 
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^ /nwa o-r RNA) encoding a polypeptide ex nvo, 
a polynucleotide (DNA or RNA) enc * neur0 nal . 

» :™ . w» - — » 

invention engineered in vivo for 

Siml l of a polypeptide in vivo by. for example, 
expression of a polyp P ^ ^ ^ producer 

procedures known m the art. As containing FNA 

cell fo r producing *Jf ^ n f invention .ay be 

encoding the polypeptide of the P and 
administered to a patient foi ^se and other 
expression of the polypeptide m vivo 

me thods for administering * * those P skllled 

invention by such method should * inventi0 n. For 

- ^^^SLrr si-. — T - 

example, the expres _ xample , an adenovirus which may 

other than a -"^^J^vo after combination with a 
be used to engineer ceils in 

suitable delivery vehicle dlrec ted to 

„. Q present invention is * i&u 
antagonistic of the ^ . 

^ . ■ -i „ n to those identitiea uy 
invention, in addition to t iscs include an 

above-described screening method^ An . ^ 
antibody against the mr polypept ide or i inaccessible 
oligonucleotide which bind to ^^^^^icn of 
to its natural -"^"""^ ^. ft to increase. 

- -sk: con S t r s 

antisense technology. Antisense technology can be 



w 

t-vrrniiah triple-helix formation or 

C011 " 01 9 Z:TZ "JTof-J are based on 

antisense DNA or RNA, do example, the 

binding o £ a Po^cxeo^e which 

s . coding portion of th BOlJ* inve „tion, is . 

e r:: r^^r 0^^ - - — - 

rJ "-e pairs in A « J^.' ^ ~ 

designed to be Ci-^ to - e ^~ °Jt .t^cl- -ids 
in transcription (triple helix ~ ^ science 24^456 (1988,,- 

a 1073 (1979); Cooney et al, Science, 
Res ., 6.3073 (19 I. 136Q (1M1)) , thereby 

Sv^T inscription and the promotion o, ^ - 

Ltisense « »^^-^^~ - "* 

and blocks translation o£ tne 

okano J . Neurochem. , 5b.=ou 
(antisense - Okano, mhibitors of Gene 

Oligodeoxynucleotides as pL Tne 

Expression, CRC Press, Boca delivered to 

rsr^ ~- - - — d ln 

r n ^r^rtrrtr^t/inbibitors « be r 

in these y , epilepsy and other neurological 

treat depression anxiety. P ^ neurQtransmlcter 

and psychiatric increased or decreased 

transport systems result syn aptic cleft, 

concentrations of neurotransmitter in the^ yn V ^ 
resulting in improperly stimulated recepto 

lt has been postulated that serotonin in the. 

decreased release of ^in"^ ^1 translocating its 
brain. Therefore, inhibiting NXT allow 
neurotransmitter into the ^^"^^.juently with 
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employed in a composition with a pharmaceutical acceptable 

carrier. rplates to an assay for 

The ^s^^J^^^ specific to m . 
id entifying poten ^ comprises preparing a 



i= nf such an assay comprise - - 

An example o£ such nypocna lamu S of a mammal . 

synaptosomal P^""" f ™ ,„ n euron w nere the end of the 
such a prepara, : ion is a sea ^ pr£paration is then 

neuron is pinched off. Th er and a potential 

" -e of neurotransmitter is then 
antagonist. The **> anta gonist is effective. 

m easured to ~ , the a^g ^ ^^^^^.^ 
Th e compounds, e.g., y ont . lon may be employed in 
compounds, of the ^^^^J, easier. Such 
combination with a suitao * effective amount of 

compositions comprise a ^erapeutica ^ 

the polypeptide, and a phar^ceutically J ^ ^ 

excipient. Such a earner "> cludeS glycero l, ethanol, 

sal ine, Offered saline dextros ^ water .g y^ ^ ^ 
and combinations thereof. The form 

th e ingredrents of the pn . ainer {s) C an be a notice 

mention. — ated with agency plating 

in the form prescribed by a 9 cicals Qr biolog ical 

the manufacture, use or sale of p cy o( 

products, which notice fleets ^ ^ 
manufacture, use or sale DresenC invention may be 

addition, the polypeptides of :J* ^ CQmpounds . 

employed in conjunction with other th : V stered in 

an effective amount to effect! y ^ ^ £rQm 

«T for i« neurotransmitter or ^ allevlate the 

translocating its concen tration S of 

abnormal conditions associated witn 



neurotransmitter ^J^",^ ar e also valuable 
The sequences of the present specifically 
£or chromosome identification. The ^ » ^ 

targeted to . and can hybridize with a P« tl cul ^ 
an individual human chromosome J^^.---., - 
need for identifying partxcular sites sequence da ta 

chromosome marking reagents based ^ on ac^ qu ^ 

in correlating those sequences with gene 

"briefly, sequences can be mapped *- ~ e"^ 
preparing PC* primer* 'P^^used - rapidly seiect 
computer analyses of the cDNA i genomic 
primers that do not span more than °- ^ _ These 
DNA , thus complicating the ampi - P^ ^ ^ 
primers are then used chromosomes . only those 

r;-; :::::::: - ^ - — to the ptimer 

wilx yield an -^f^^^T hybrids is a rapid procedure 
PC* mapping of somatic cell ny chromosome. 
£ or assigning a particular DKA to a ^ ^ cleotide 
using the present i-ention w lt h the sa ^ 

PrlmerS ' rr^clfi: Volumes or pools - — genomic 
fragments from specific cn mapping strategies 

clones in an analogous manner. Other J* ^ 
th at can similarly be used to map t ^xt. d«o flow . SQrted 
in situ hybridization. P""""^^^ to construct 
chromosomes and preselection by hybndiza 

chromosome ^^"^^^^.ation (FISH) of a cDNA 
F1U ° reSC metaphase hromosomal spread can be used to 
clones to a metaphase locaCion ln one step. This 

provide a precise chromosomal locatxon 



,„n be used with cDNA as short as 500 or 600 bases; 
technique can be used wit Ukelihood 
however, don., larger than 2,000 bp ^ sufficient 
of binding to a unique chromosomal loc »»« use of 

si gnal intensity «« ■^^ t » J ^IL.- «- , 
the clones from which 4 , 000 is betce r, and - 

university Welch Medical Library) The «lati P 

^ rH QM«?es that have been mappea co 
genes and diseases tha . fied tnr0 ugh linkage 

chromosomal region are then identify 

mutation is HKeiy tu 



the 

disease . 



with current resolution of physical mapping and genetic 
^pping technics, a « * ~ 

fssules X megabase mapping resolution and one gene per 2 0 
■ comparison of affected and unaffected individuals 
g enera!ly involves first loo^g «« -J^^ ^ 
in the chromosomes, such as deletions ^ pcR 
.sible from chromosome spreads or detectao 



are vi 



based on that cDNA sequence. Ulti~t.ly. complete syncing 
oi genes fro. several individuals is required to confix the 
presence of a station and to distinguish mutations from 

"^Polypeptides, their fragments or other derivatives, , 
or analogs hereof, or cells expressing the™ can be used as 
an i«en to produce antibodies thereto. These antrhod.es 
canTe for example, polyclonal or monoclonal antibodies. 
2 present invention also includes chimeric, single chain 
a nd Landed antibodies. "J^^^TZ^- 
nroduct of an Fab expression library, va * 

in the art may be used for the production of such 

anci rti:o:" s £r Trated - 

animal or by administering the polypeptides to an animal^ 
Preferably a nonhuman. The antibody so obtained will then 
preferaoiy * .^ co1f m this manner, even a 

r J=r - - -~ = - 

technique (Kohler and ^-^^^^ technique 

the trioma technique, the human B cell hy 
,v 7h nr et al 1983, Immunology Today 4:72), and the fc* 
(Kozbor et al.. i . oroduce huTnan m0 noclonal antibodies 

^n^Zr^^ Antibodies and Cancer 

^hniques ^^rf^the^ction of single chain 
antibody's. Patent 4 , 9 4 6 ,77 8) can be adapted to produce 
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single Cain antibodies to isogenic polypeptide products 

of this invention. furthe r described with 

The present invention wxll be further _ 

Vo^'to facUiUU understanding of tbe following 
ce-ain gently ceding .etnods and,or ter^s 

r^r- by . *~ 

s^r« «- - «- «. - be apparent co 

« c^ OI 

"Digestion o certain 

wou ld be Known to tf- ordinarily ^ \T^or DNA 

analytical purpose, « in about 2 „ ,1 

^agment 1S u,ed w lCh about ^ ^^.^ pnA 

of buffer solution. For tne P f 

for olasmid construction, typically 5 to 50 m o 

_™ »• 
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electrophoresed directly on a polyacrylamide gel to Isolate 
the desired fragment. 

Size separation of the cleaved fragments is performed 
using 8 percent polyacrylamide gel described by Goeddel, D. 
etal., Nucleic Acids Res.. 8,4057 (1980) . 

■■Oligonucleotides" refers to either a single stranded 
polynucleotide or two commentary P" 1 ***^ 1 """ 
strands which may be chemically synthesized. Such synthetic 
oligonucleotides have no 5- phosphate and thus will not 
ligate to another oligonucleotide without adding a pho phate 
with an ATP in the presence of a kinase. A . synthetic 
oligonucleotide will ligate to a fragment that has not been 

"^or refers to the process of forming 
P hos P hodiester bonds between two ™ stranded n^cleicacid 

prl^'ligatiorma; be accomplished using Known 
ers and conditions with 10 units to T4 DNA ligase 
...ligase", per 0.5 re of approximately equimolar amounts of 

the DNA fragments to be ligated. 

Unless otherwise stated, transformation was performed as 
described in the method of Graham. F. and Van der Eb, 
Virology, 52:456-457 (1973). 

Rvample 1 

-. ^.rial anrt Purification of NTT ...... 

^^e7ce encoding f or^^T^lS is initial y 
amplified using p5 oligonucleotide primers corresponding to 
QU M thl 5. and sequenced the processed NTT protean (minu the 
S\V signa l peptide sequence, and the vector sequence '^J^ 
NTT gene. AdditionalVcleotides corresponding to NTT were 
/ added to the s- and \ -^nces respectively. The^^ 
oligonucleotide pVimer has the s q 
gactaaagcti^CATCAATGCCGaWc contains a Hind 
restriction enzyme site fWwed by 18 nucleotides of NTT 
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> The 3' sequence 

sequences to\Xba I site ana corresp ond to the 

m sequenceV T,e restriction enz^e s^ ^ 

^'enc^rant^otic resistance . 

II ial orio, replication (ori, , an ^™ 

propter operatoW/O. a r,--^ «^ ^ 

His ta 9 and ^ an ^ied fences 

Rested ^.^V^^^^n £ r« wit, the 
were ligated into PC*- 9 and were 

sequ ence encoding £ oX the histidin. , ^ 
ligat ion fixture was ^en u e* „ * ransfo ^ ^ 
Ml5/rep 4 available from yiageu 

" by the procedure described in SarcbrooK. J, ^ et al^ 
, i»r Cloning- A laboratory Manual. Cold Spring 
Molecular <a«u»g. . 4 conCains m ultiple copies 

Laboratory Press, (1989) . P ^ repr essor and 

o£ t he plas^id P REP4 , «^V^»^ ^L^s are 
also -n-rs ■canan.ycinresi^ance (Kan,. ^ ^ 

identified by their ability\ to gr selected, 
anipicillin/kanamycin resistan^ — 

Plasmid DNA was isolated andy construcCS were 

an alysis. Clones containing _ ^ „ media 

grown overnight (0/N) in ^ U g/ml) . 

supplemented with both ^ (100 "f V'^^Tculture at a 
The o/H culture is used ^^'V ^ to an opt ical 
r3Ci0 ° f SCO" (O D " - between oV and .... »» 

riar^r.lear-g £ P, 

gene expression. Cells were grown an ext ra^3 t 



laH Acation solubilized NTT was purified from 

fi-iks tag. Hochuli. E. ec 
containing the 6 Bis 9 was eluted from the . 

Chromatography ^ s „ and for the purpose of 

column in 6 molar guanine BC1 pH 5 - sodium 
juration ad.usted ^ ^ 2 ^olar 

phosphate. 10 mmolar in tllis so lution 

glutathione (oxidized) \ After so(Jium 
for 12 hours the protein\was dialysed 
phosphate . 

Rvample 2 

ISP^ffl^^ derived from a 

The expression of plasmid. NTT HA is 
vector pcDNAl/A <lnvitrogen) coaf "^: 1. SV40 9 
.plication, ^^^^"^^^^POX^- 
\ rePli : at T SvTo 9 Al^Ld P polyadenylation site. A OKA 
) region a SV4U xn* nrecursor and a HA tag fused 

/ £r agment ^^tTc^^- the polylinKer region 
in frame to its 3 ^ ^ recomblnanC protein expression 
o£ t he vect °^ e ^X promocer . The HA tag correspond to 
is directed under the cm p _ lutinin protein 

an epitope derived £r ™Y%Tlson H N Iman «. Heighten, A 
as previously described ^ «xl~n^ ^ 7g7) 

ch erenson. M. Conno lly, a prQtein allo „ s easy 

recognizes the HA epitope. \ described as 

The plasmid construction strategy 

follows: \ , TCC * 75713, was 

Th e DNA sequence encoding W ^ ATCC * ^ 

constructed by PCR on the orrgiW KT Cl m e r 

r- « • the\5 P 

P r 1 m ' „.. Pia r agcaAAg\g contains a Bgl II site 



GACTj 



:aagatctgccaccatgccgaagaacagcaaa< 
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followed by 21 nucleotides of NTT coding sequence starting 
, m the\ initiation codon; the 3- sequence 

-rtnip. - - s -L-^,r.i:r, 
tst ™v --»■«. - -rLr.rr~ 

pcDNAI/Amp, »er\ digested into E coli strain SURE 

ligati on -~^^^°S S .Z. xxo„. *orth 
(available from \ c " Cage ° e 92037) the transformed 

Torrey Pines ^ ^ dia plates and distant 

culture was plasmid dna was isolated from 

colomes were selected. re „ tricCion analysis for the 

— rc±Zr - egression of the 
presence of the co ™*\ " tran sfected with the 

recombinant w . SambrooK. E. 

Fntscn, \ .. T he expression of the 

cold spring Laboratory PreW ,1989,)^ and 

^ HA protern !}^e Harlow, D. Lane, Antibodies: 

„recipitation method. ^ Harlo^^ ^ 

A Laboratory Manual. Cold ^ S pr g ^ » s . cyste ine 

(1988 „. «1U «» media were then 

collected and cells were ly X o . 5% DOC, 50mM 

(15 0 rnM NaCi; X% HP-40. 0.1* SDS , ^ ; N ^ ^ ^ ^ 

Tris, P H 7.5). (Wilson, I. et al v • ^ ^ 

cell lysate and culture media ^^^ eclpltatftd we re 
specific monoclonal antibody. Protein^ p 
analyzed on 15% SDS-PAGE gels. 



-26- 



Tl-x-am ple 3 
. „ nat .. prn nf *rrr in h" ""»n tissue 
E -^^^^-r^^o^ to examine the 

levels of expression of NTT in human tissues. Total cellular 
levels of expre* rnazoI™ b system (Bxotecx 

» samplesVe i^^^^, Houston. TX T7033> . 
L a b orator 1 es \lnc. 6 0 23 south ^ ^ ^ ^ 

About 10M9 o£\ total H» biocte<J Qnto a 

Torrid an! ^i.. ^ T 

nylon filter. v*a . qM n The labeling 

clo nin 9 , r^ene Prime-Xt *it 

reaction , abeled DNA wa s purified with a 

„ith song DNA ragmWt The 1 _ ^ ^ 

After wasn the \ filter was then exposed at -70 C 

0.5 x SSC, 0.1% SDS, the V^ The message m for 

overnight with an intensifying screen. 

NTT is abundant in brain. \ present 
N umerous ^cations ^ J^^JZZ and. 
mention are pc^r , e rn ^ t «*t. ^ ^ ^ 

re:::::' mrrr P :rctice d p o^^se ^ as 

described. 



